The impact of the presence of non-natural bases on the properties of oligodeoxynucleotides has been studied. First, oligodeoxynucleotides carrying 2'-deoxyzebularine were prepared and the stability of duplexes carrying this analogue was determined by DNA melting experiments. Melting temperatures and thermodynamic data showed the preference of 2'-deoxyzebularine for 2'-deoxyguanosine, which behaves as a 2'-deoxycytidine analogue forming a less stable base pair due to the absence of the amino group at position 4. Moreover, the duplex-hairpin equilibrium of a self-complementary oligodeoxynucleotide carrying several natural and non-natural bases including 2'-deoxyzebularine as a central mispair, was studied. Depending of the base present in the middle of the sequence it is possible to affect the stability of the bimolecular duplex modulating the duplex-hairpin equilibrium. Magnesium ions were shown to stabilize preferentially the bimolecular duplex form. The results indicate the importance of the modifications and the role of cations in shifting the structural equilibrium.
Synthesis and Hybridization Properties of Modified Oligodeoxynucleotides
Carrying Non-Natural Bases This nucleoside is similar to 2'-deoxycytidine but it lacks the exocyclic amino group at position 4. In order to inhibit DNA methyltransferases this nucleoside must be incorporated to DNA at the GpC methylation sites. Recently it has been shown that 2'-deoxyzebularine triphosphate (dZTP) is incorporated by DNA polymerases opposite to guanine (G) and when Z is at the template it directs dGTP incorporation [5] . In spite of the absence of the amino group, 2'-deoxyzebularine behaved similar to 2'-deoxycytidine pairing with guanine [5] [6] [7] . In this report we describe the melting behaviour of DNA duplexes carrying the 1, 2-dihydropyrimidin-2-one (Z) residue opposite to all four natural bases.
In addition, we describe the melting behaviour of a self-complementary oligodeoxynucleotide having a central mispair. This type of oligodeoxynucleotides exists in duplex, hairpin and single-stranded form. Several natural and modified bases including 2'-deoxyzebularine were introduced in the middle of the sequence generating a central mismatch that is able to destabilize the duplex form without affecting the stability of the hairpin form. The nature of the compounds present at the central position as well as the presence of magnesium ions were shown to modulate the equilibrium between duplex and hairpin forms.
Results and Discussion.-1. Synthesis of oligodeoxynucleotides.
Oligodeoxynucleotides were prepared using solid-phase 2-cyanoethylphosphoramidite chemistry. The required synthon to incorporate 2'-deoxyzebularine into oligodeoxynucleotides was prepared starting from the corresponding nucleoside that was synthesized as described [8] . Previous investigations have shown that 1,2-dihydropyrimidin-2-one nucleosides are labile both to acids and bases [9] but the DMT group may be used for the protection of the 5'-end [7] . Reaction of 2'-deoxyzebularine with DMT chloride in pyridine gave the desired DMT-nucleoside that was reacted with 2-cyanoethyl-N,N-diisopropylchlorophosphine to yield the desired phosphoramidite [7] .
Solid phase synthesis using this phosphoramidite revealed a step-coupling yield similar to standard phosphoramidites. Ammonia treatment was performed at 55ºC for 30 min to minimize decomposition of the 1,2-dihydropyrimidin-2-one residue. For this reason, the dimethylformamidine group was selected for the protection of the 2'-deoxyguanosine.
The resulting oligodeoxynucleotides were purified by HPLC and gave the expected molecular weight by mass spectrometry. Recently, the design and synthesis of a new class of metal-binding nucleobases have been described [12, 13] . Most of these new analogues are derived from pyridine bases and carry carbonyl groups that can stabilize DNA duplexes in the presence of metal ions by forming specific ion-mediated base pairs [12, 13] . Table 2 ).
Melting experiments
The melting behavior of the tridecamers was attributed to the formation of a hairpin with the C or Z bases occupying an extrahelical position in the loop (Scheme 2). The
Dickerson-Drew dodecamer, as all self-complementary oligonucleotides, can form both a unimolecular hairpin and a bimolecular duplex [15] [16] [17] [18] . Low salt and low oligomer concentration favors the formation of the hairpin [15] [16] [17] [18] . In our case, it is expected that the introduction of a central mismatch will decrease the stability of the bimolecular duplex without affecting the stability of the hairpin, thus favoring the formation of hairpin relative to the bimolecular duplex.
In order to study if this distinct behavior is caused by the extrahelical disposition of the base at the central position, regardless of the chemical nature of the base, several tridecamers were prepared (Table 2 ). This included oligodeoxynucleotide sequences having one of the four natural bases (A, C, G, T), some base analogues such as Z, 2-aminopurine (P), apurinic site model compounds such as ribitol (R), and 1,3-propandiol (D), an intercalating compound (acridine (I)), as well as a few tetradecamers carrying AA and CC sequence at the central position.
All tridecamers and tetradecamers had the transition at around 70 ºC observed for the tridecamers containing C and Z ( Table 2 ). In addition, when A and G were at the central position we observed a second transition at low temperature assigned to the bimolecular duplex. Table 2 ). Finally, oligodeoxynucleotides containing D, I, and CC are mainly in hairpin form ( Figure 2 , Table 2 ). It is important to notice that the oligodeoxynucleotide carrying 2'-deoxyzebularine behaves similarly to the oligodeoxynucleotide carrying the ribitol apurinic site (50:50 duplex/ hairpin ratio) indicating a low stability for the duplex with the Z•Z mispair.
Melting experiments were also performed in TAE-Mg 2+ buffer used in the PAGE experiment (Figure 3 ). This buffer has similar ion strength than the previously used NaCl buffer but contains magnesium and Tris. Under these conditions, the bimolecular duplex is stabilized and it is possible to observe the duplex to hairpin transition in most of the modified oligodeoxynucleotides except for oligodeoxynucleotides carrying AA, CC mispairs ( Figure 3 , Table 2 ). This confirms the assignment of the hairpin as the fast running spot and the duplex as the slow running spot. Little changes were observed in the melting temperatures of the hairpin to random coil transitions in the Mg 2+ buffer (Table 2 ).
These results indicate that the presence of purines (G, A and P) at the central position stabilize the bimolecular duplex with the oligodeoxynucleotide carrying G being so stable than the melting curve of the duplex to hairpin transition in Mg
2+
overlaps with the hairpin to random coil transition. This is in agreement with fact that purine-purine mismatches are more stable than pyrimidine-pyrimidine mismatches [10, 11] . Following in order of stability, duplexes carrying pyrimidine mismatches (T, C and Z) were found to be less stable. Amongst these, tridecamers carrying T and C are more to 40 bases marker and between 50-60 bases marker. We believe that these components are trimolecular (three-way junction [19] ) and the tetramolecular (Holliday junction [20] ) species that may be stabilized by adenine stacking. Unfortunately, these compounds are formed in small amounts and no further characterization was possible.
Finally the presence of a bigger group such as an acridine (I) favors hairpin formation although a duplex-to-hairpin transition was also observed (Tm 1 = 25.4 ºC).
Conclusions.
Oligodeoxynucleotides carrying the DNA methylase inhibitor 2'-deoxyzebularine (dZ)
were prepared in order to measure the stability of duplexes carrying Z in front of the four natural bases. Melting temperatures and thermodynamic data show the preference of Z for guanine behaving as a cytosine analogue with a less stable base pair due to the absence of the amino group at position 4.
Additionally, the duplex-hairpin equilibrium of self-complementary oligodeoxynucleotides carrying different moieties, from nucleobases to apurinic sites, plus an intercalating acridine at the central position, was studied. It was observed that the nature of the molecule present in the middle of the sequence has a strong influence on the stability of the bimolecular duplex modulating the duplex-hairpin equilibrium. In this system, we observed that duplexes carrying the Z•Z mispair were less stable than duplexes carrying the C•C mispair, being similar to the duplex formed by the abasic G, T) were mixed in 50 mM NaCl, 10 mM sodium phosphate buffer pH 7.0. The DNA concentration was determined by UV absorbance measurements (260 nm) at 90ºC, using for the DNA coil state the following extinction coefficients: 7500, 8500, 12500, and 15000 M -1 cm -1 for C, T, G, and A respectively. The solutions were heated to 90 ºC, allowed to cool slowly to room temperature, and stored at 4ºC until UV was measured.
UV absorption spectra and melting experiments (absorbance vs temperature) were recorded in 1 cm path-length cells using a spectrophotometer, with a temperature controller and a programmed temperature increase rate of 1 ºC/min. Melts were run by duplicate using a strand concentration of 7-8 μM at 260 nm.
Melting curves were analyzed by computer-fitting the denaturation data, using Meltwin ). f ) conditions: 40 mM Tris, 2 mM EDTA sodium, 20 mM acetic acid, 12.5 mM magnesium acetate (TAE-Mg) g ) both transitions are superimposed. Tm 2 was measured at 282 nm where the duplex-tohairpin transition is not observed [16] . Tridecamer_T (Mg) Tridecamer_T (Na)
